Chronic rhinosinusitis (CRS) is a heterogeneous inflammatory disorder resulting from a complex gene-environment interaction. Although its aetiology remains elusive, numerous studies reported gene expression alterations of factors apparently implicated in all aspects of the inflammatory response. However, most investigations are limited, unconfirmed analyses of a single gene. Moreover, studies concerning multiple gene expression analyses, usually on inflammatory mediators (e.g. cytokines), show contrasting outcomes in part due to use of heterogeneous samples or methodologies with limited power. In this scenario, our goal was to simultaneously evaluate the expression of a panel of selected genes (AQP5, MUC5AC, CAV1, LTF, COX2, PGDS, TNFα, TGFβ1, MGB1) potentially involved in CRS inflammatory mechanisms. While most of the samples collected were excluded from the analysis because of poor quality RNA, we were able to demonstrate statistically significant downregulation of the AQP5, CAV1, LTF, MGB1 genes in a specific subset of polypoid CRS (patients without typical comorbidities), which might suggest relevant underlying epithelial dysfunction. Further studies are needed to enrich our knowledge on the pathogenesis of CRS. Forthcoming approaches might utilise next-generation RNA sequencing and comprehensive bioinformatics analyses to better characterise the transcriptome profiles of CRS endotypes. (asma, allergia, intolleranza all'acido acetil-salicilico 
Introduction
Chronic rhinosinusitis (CRS) is a heterogeneous disorder characterised by persistent symptomatic inflammation of the nasal and paranasal sinus mucosa. The interest of research in CRS arises from several factors. First, CRS is one of the most commonly reported diseases, estimated as the second most prevalent chronic health condition and affecting 10.9% of the European population. Second, the burden of CRS to society is considerable, with substantial negative impact on several aspects of quality of life and considerable medical costs. Lastly, the current treatment options struggle to be widely effective 1 . The aetiology of CRS remains unclear. It is becoming widely accepted that CRS arises from genetic, epigenetic, microbial and environmental factors; several conditions, such as asthma, damage of ciliated mechanical barrier, obstruction of nasal drainage, induction of inflammatory cytokines and impairment of the immune system, have been recognised as predisposing or associated factors to CRS 1 . For these reasons, current research has attempted to elucidate the factors leading to persistent sinus inflammation, focusing on innate and acquired immunological mechanisms 2 . Numerous studies have reported alterations in the gene expression of factors apparently implicated in all aspects of the inflammatory response. However, most investigations are limited, unconfirmed analyses of a single gene. In addition, studies concerning multiple gene expression analyses, usually on inflammatory mediators (e.g. cytokines), demonstrate contrasting outcomes in part due to heterogeneous samples or methodologies with limited power 3 . Furthermore, even the site of tissue sampling seems to influence the results; indeed, there is evidence of a topographic gene expression in the sinonasal cavities. In particular, nasal polyps in CRS have been shown to exhibit a unique transcriptional pattern, typical of the polypoid tissue itself and not simply related to chronic mucosal inflammation or regional variations 4 . In this scenario, our goal was to simultaneously evaluate, in healthy samples and CRS with nasal polyps (CRSwNP), the expression of a panel of genes involved in: (1) defects in the epithelial barrier and in both innate and adaptive host defence functions (Aquaporin 5-AQP5, Mucin 5AC-MUC5AC, Caveolin 1-CAV1, Lactoferrin-LTF); (2) alterations of eicosanoid pathways (Cyclooxygenase 2-COX2, Prostaglandin D Synthase-PGDS); and (3) induction of inflammatory cytokines and aberrant remodelling processes (Tumour necrosis factor alpha-TNFα, Transforming growth factor beta 1-TGFβ1, Mammaglobin 1-MGB1). Inclusion criteria for CRS patients were tight and painstaking and care was taken in collecting tissue samples in order to minimise the above-mentioned distortions.
Materials and methods

Participants
A retrospective study was carried out on a total of 85 individuals, comprising 52 cases (CRSwNP) and 33 controls (CTL). The local Institutional Review Board approved this study. All participants provided informed consent to use their samples for research purposes. Research was carried out in compliance with the Helsinki Declaration. As the case group, we recruited patients affected by CRSwNP as defined by the European guidelines 1 , aged from 18 to 75 years. All cases presenting with immune-deficiency, autoimmune diseases, genetic disorders, history of sinonasal trauma, tumours, or loco-regional radiotherapy were excluded. Moreover, only CRSwNP patients without asthma, allergy, aspirin sensitivity, or hyper-eosinophilia (> 10%) were considered suitable for enrolment. As the control group, we recruited subjects undergoing nasal surgery for other reasons (septoplasty, turbinoplasty, skull base reconstruction after trauma, spontaneous cerebrospinal fluid leaks, endoscopic approaches to sellar region), matched to patients for age and sex. We adjusted the control selections for geographic region and ethnicity in order to minimise the environmental differences with the cases. Exclusion criteria consisted of a positive history of asthma, allergy and acute or chronic rhinosinusitis.
Sample collection
Arbitrarily, 20 days before surgery patients suspended local steroid treatment in order to dispose of "pharmacological wash-out" mucosal samples, eliminating the potential effects of steroids on gene expression. At the time of surgery, the absence of acute inflammatory and infectious conditions was verified both in patients and controls. Biopsy specimens of CRSwNP and CTL mucosa were obtained from the anterior ethmoid (uncinate process or bulla ethmoidalis, when available) under general or local anaesthesia and immediately stored at -80°C until further analysis.
RNA extraction and reverse transcription
Total RNA was isolated from 100 mg of tissue using the TRIzol solution (Invitrogen ™ , Italy) according the standard protocol. The extracted RNA was quantified by QuantiFluor fluorometer (Promega, Italy) using QuantiFluor ® RNA System dye and its quality and integrity was assessed by 1% gel electrophoresis. The first strand cDNA was synthesised using the iScript ™ cDNA Synthesis Kit (BioRad, Italy), according to the manufacturer's instructions and stored at -20°C.
Quantitative PCR
For quantitative PCR (qPCR), six genes were chosen as housekeeping genes (glyceraldehyde-3-phosphate dehydrogenase-GAPDH, beta-2 microglobulin-β2M, hypoxanthine phosphoribosyltransferase 1-HPRT1, Actin_beta-Actinβ, TATA box binding protein-Tbp and ribosomal protein L13-RPL13) and the most stable three genes (GAPDH, β2M and Actinβ) were selected according to Palombella et al. 5 . Selected target genes are reported in Table I . qP-CR was performed using iTaq™ Universal SYBR ® GreenSupermix (BioRad, Italy). Specific primers were designed using the Beacon Designer Program (BioRad, Italy) within the sequences of the genes shown in Table II . Each reaction was performed according to Rossi et al. 6 . Briefly, 7.5 µl of SYBR Green Supermix (2x), 1 µl of forward and reverse primers (6 µM), 5 ng of cDNA and water to a final volume of 15 µl were mixed and run in a CFX 96 Thermocycler (BioRad, Italy). The thermal cycle was as follows: 5 min at 95°C, 10 sec at 95°C and 30 sec at 60°C for 40 cycles. Each experiment was repeated three times.
Statistical analysis
Comparative cycle threshold method (ΔCt) was used for qPCR analysis and gene levels expressed as 2 -ΔCt (ΔCt = CtTarget -CtHousekeeping). Data analysis were performed by Student's t-test. Results were statistically significant with p < 0.05.
Results
Despite the large number of samples processed and the maximum care during the sample collection and manipulation, we encountered much difficulty in obtaining good quality RNA from biopsies; among the 85 selected individuals (52 CRSwNP and 33 CTL), only a total of 24 samples, comprising 11 CRSwNP and 13 CTL, were considered suitable for the study, due to extraction of poorquality RNA. As can be seen in agarose gel electrophoresis of specimens from both CRSwNP and CTL Groups (Figs. 1, 2), in some samples the RNA appeared to be partially degraded. This occurred particularly in CRSwNP specimens ( Fig. 1) , showing that the problem was probably due to the extraction of pathologic tissue with poor cellular content.
This problem was clearly less evident in biopsies taken from healthy mucosa from CTL Group (Fig. 2) . In the first group of selected genes, those related to the epithelial barrier and immune functions, APQ5, CAV1 and LTF genes were significantly downregulated in CRSwNP samples compared to CTLs, as reported in Figure 3 (p < 0.05). In the other two groups of genes, statistically significant downregulation was observed for COX2 and MGB1 genes in CRSwNP samples compared to CTLs (p < 0.05), as reported in Figures 4 and 5 , respectively.
Discussion
It is increasingly acknowledged that CRS is not a single pathological entity, but has a rather broad clinical presentation, histopathology and response to therapy. Several pathophysiological pathways seem to exist, ending in the common point of sinonasal mucosal inflammation. Once chronic inflammation has become apparent, the activation of other pathways inevitably masks the possibility to identify the early cause. Determining which cellular and molecular characteristics of CRS represent the underlying factors that induce inflammation, or more simply the downstream consequences, remains a challenge in the ongoing field of research 7 . In this context, in the attempt to give our contribution to better clarify and understand the molecular patterns involved in CRS, we selected healthy and CRSwNP individuals and investigated the expression of several key genes involved in crucial points of CRS pathogenesis.
Despite the attention during tissue collection by the surgeon, the expertise of the laboratory technician in manipulating tissue and the care taken in all the steps to preserve the quality and the integrity of biological samples, the present work showed some limitations. First, only 24 samples of the 85 collected were deemed suitable for the study due to poor-quality RNA. It is well known that RNA is very susceptible to degradation during sampling, handling and storage 8 . Moreover, previous studies demonstrated a higher concentration of RNases in nasal polyps compared to normal tissue as well as an increased enzyme activity 9 10 . Second, the selection of patients was flawed by inclusion criteria established exclusively on a clinical basis (patients with polypoid CRS, either without asthma, allergic sensitization, aspirin intolerance or peripheral blood hypereosinophilia) when it is now clear that a clinical phenotypic differentiation does not adequately mirror the underlying immunological profile 11 . As a consequence, our results, though significant, should be interpreted in the light of this deliberate bias.
Disrupted epithelium
The "epithelial barrier hypothesis" of CRS pathogenesis indicates that an intact barrier with tight epithelial junctions is necessary for healthy nasal mucosa. Defects in this protective barrier, including the epithelium itself and its mucous lining, mucociliary clearance, intercellular junctions, ion channels and secreted antimicrobial proteins and enzymes, may cause the passage of pathogenic microbes across the epithelium and subsequent dysregulation of the inflammatory cascade 12 . With the aim of exploring epithelial barrier functionality, we chose to verify the expression of the AQP5, MUC5AC, CAV1 and LTF genes. As reported in Figure 3 , the expression of all these genes in CRSwNP samples was downregulated compared to CTLs, and the differences in AQP5, CAV1 and LTF were statistically significant (Fig. 3a-c) . In detail, AQP5 acts as a key tight junction in regulating water transport and cell volume and in maintaining water homeostasis in the epithelium 2 . In CRS, a downregulation of AQP5 has been associated with oedema and polyp formation and production of thick secretion, typical features of CRSwNP 13 (Fig. 3a) . CAV1 is a scaffolding membrane protein implicated in vesicular transport, endocytosis and regulation of signal transduction. Moreover, this gene plays a central role in defence against infections 14 . Downregulation of CAV1 has been reported to cause dysregulation of membrane trafficking in the airway epithelium 15 (Fig. 3b) . LTF possess diverse functions, including antibacterial, antifungal and antiviral activities, as well as immune regulatory and anti-inflammatory actions 16 . There is evidence that LTF is significantly decreased particularly in polypoid CRS patients with bacterial biofilms 17 (Fig. 3c) .
Taken together our results tend to confirm previous literature reports.
Contrarily, in our analysis, MUC5AC was slightly downregulated in CRSwNP compared to CTL, albeit with no significant difference. MUC5AC is one of the predominant gel-forming mucins in human nasal mucosa 18 and its upregulation, induced by various stimuli such as bacteria and allergens, was found in CRSwNP subjects 19 20 . Although the increased production of mucus allows for better trapping and clearance, mucin overproduction may lead to airway obstruction and exacerbation of pre-exist- . Our data showed a single sample with a very high level of MUC5AC compared to the other 10 samples (Fig. 3d) .
Defects in eicosanoid metabolism
Defects in eicosanoid metabolism, particularly involving leukotriene (LT) and prostaglandin (PG), seem to be associated to CRS, especially in the polyp variant. COX2 has a key role in the synthesis of biologically active prostaglandins that possess different functions 22 . For instance, prostaglandin D2 (PGD2) prolongs the survival of eosinophils and induces the migration of Th2 lymphocytes, whereas prostaglandin E2 (PGE2) stimulates bronchodilation and demonstrates anti-inflammatory effects by reducing the production of LTs. In CRSwNP, increased levels of PGD2 and PGD2 synthase (PGDS) were positively correlated with the eosinophil infiltrate 23 , and imbalance in PGD2/PGE2 metabolism contributes to CRS associated to aspirin intolerance 24 . In line with these findings, in our CRSwNP series, COX2 expression was significantly reduced (Fig. 4a) . However, there are controversial reports in the literature on the behaviour of COX2 in CRS. It has been shown that COX2 mRNA displays different kinetics in nasal mucosa and nasal polyps, obliging us to consider that even the sampling site may affect the results 25 . The reduced expression (not significant) of PGDS, apparently in contrast to what previously reported, may be justified by the fact that our population did not include cases of aspirin intolerance, a clinical feature that appears to be strongly associated to eicosanoid metabolism imbalance in favour of the PGD2 cascade (Fig. 4b) .
Inflammatory cytokines and remodelling processes
Numerous cytokines have been reported to be expressed at altered levels in CRSwNP tissues 26 . We decided to explore the inflammatory status, remodelling pattern and immune-modulating activities, respectively, through the analysis of expression of the TNFα, TGFβ1 and MGB1 genes (Fig. 5) . Increased levels of TNFα have already been demonstrated in nasal polyp tissues, together with other pro-inflammatory cytokines 27 , and protein levels are elevated in nasal secretion of CRSwNP patients 28 . Although not statistically significant compared to CTL, our CRSwNP samples showed overexpression of TNFα mRNA (Fig. 5a ). In CRS, chronic inflammation results in structural changes referred to as a remodelling process, which tends to balance extracellular matrix production and degradation by several regulation mediators, such as TGFβ1. Previous studies have confirmed its pivotal role in these processes, showing significantly lower expression of TGFβ1 in CRSwNP compared to controls 26 29 . The downregulation signalling pathway results in oedema formation and lack of collagen production, histologic features that are typical of nasal polyps. TGFβ1 gene expression was also lower in our CRSwNP group, although a significant difference was not reached (Fig. 5b) . Lastly, our results showed a significant downregulation of the MGB1 gene in CRSwNP samples compared to CTLs (Fig. 5c) . The role of MGB1 in CRS remain uncertain, but it is known that other proteins of the mammaglobin family are secretory proteins involved in modulation of inflammatory processes, and MGB1 overexpression in nasal polyps has been associated with neoplastic-like growth 30 .
Conclusions
The intent of the present study was to enrich data reported in the literature by analysing, at the same time, the expression of several genes implicated in various inflammatory aspects of CRSwNP. We believe that confirmatory studies are unavoidable in research which strengthen the current knowledge about CRS pathogenesis and allow better definition of endotypes in order to achieve "tailored" treatment 31 . Forthcoming approaches might take into account next-generation RNA sequencing and comprehensive bioinformatics analyses (e.g. hierarchical clustering) to characterise the transcriptome profiles of CRS subgroups. In summary, our attempt at gene expression profiling allowed us to depict a specific subset of CRSwNP (without typical comorbidities), which showed significant downregulation of APQ5, CAV1, LTF, COX2 and MGB1 genes, data that might suggest relevant epithelial dysfunction in polypoid chronic rhinosinusitis. Difficulty in mRNA extraction has to be taken into account for future studies, and in this regard the synergy between surgeon and laboratory is of great importance; the surgeon must have full knowledge of what happens during laboratory processing and what is needed. Additional genes could be selected from the literature for similar studies, or the same genes could be retested. In any case, the present results need further study on larger samples.
